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With our  eve r - i nc reas ing  i n t e r e s t  i n  e s t a b l i s h i n g  mankind's presence i n  
space, t h e  p r o t e c t i o n  o f  personnel froin e n e r g e t i c  r a d i a t i o n  i n  t h e  space 
env i  ronment has become a r e l e v a n t  issue. As h igh  energy r a d i a t i o n ,  composed 
o f  heavy i o n s  c a l l e d  g a l a c t i c  cosmic rays (GCR's) o r i g i n a t i n g  i n  deep space 
and/or p ro tons  from s o l a r  f l a r e s ,  i n t e r a c t s  w i t h  t a r g e t  n u c l e i ,  t h e  i n c i d e n t  
i o n s  undergo nuc lea r  f ragmenta t ion  and energy degradation. The fragments 
generated by d i r e c t  n u c l e a r  impact o r  e lec t romagnet ic  d i s s o c i a t i o n  form a 
secondary r a d i a t i o n  f i e l d  which aga in  i n t e r a c t s  w i t h  t a r g e t  n u c l e i  t o  p r o l o n g  
t h e  b i o l o g i c a l  hazard engendered by t h e  i n c i d e n t  ions. Thus, t o  ensure t h a t  
t h e  h a b i t a t  i n  t h e  space environment i s  p r o p e r l y  s h i e l d e d  f r o n  e n e r g e t i c  
r a d i a t i o n ,  a knowledge o f  t h e  changing n a t u r e  of t h e  i n c i d e n t  r a d i a t i o n  f i e l d  
as i t  penet ra tes  p r o t e c t i  ve spacecraf t  s h i e l  d i n g  i s  requ i  red. 
i n i t i a t e d  an e f f o r t  t o  fo rmu la te  computational methods t o  s imu la te  r a d i a t i o n  
e f f e c t s  i n  space. As  p a r t  o f  t h e  program, numer ica l  t r a n s p o r t  a lgo r i t hms  have I 
been developed f o r  t h e  d e t e r m i n i s t i c  Roltzmann equat ion  d e s c r i b i n g  GCR I 
i n t e r a c t i o n s  w i t h  mat te r .  It thus  becomes necessary t o  assess t h e  accuracy o f  
proposed d e t e r m i n i s t i c  a1 gor i thns .  For t h i s  reason, a n a l y t i c a l  benchmark 
s o l u t i o n s  t o  na thernat ica l l y  t r a c t a b l e  g a l a c t i c  cosmic r a y  equat ions  have 
r e c e n t l y  been obta ined.  Even though these problems i n v o l v e  s i m p l i f y i n g  
assumptions o f  t h e  assoc ia ted  phys ics,  they  s t i l l  c o n t a i n  t h e  e s s e n t i a l  
fea tures  of t h e  bas i c  t r a n s p o r t  processes. The s o l u t i o n s  ob ta ined a r e  
compared t o  r e s u l t s  f r o n  numer ica l  a lgo r i t hms  i n  o rde r  t o  ensure proper coding 
and t o  p r o v i d e  a measure o f  t h e  accuracy of t h e  numerical methods used i n  t h e  
a 1 g o r i  thr-1. 
g a l a c t i c  i o n  t r a n s p o r t  ( G I T )  equat ions i n  t h e  s t r a i g h t  ahead approx imat ion  
w i t h  cons tan t  nuc lea r  p r o p e r t i e s .  The approach u t i l i z e s  a Laplace t rans fo rm 
i n v e r s i o n  y i e l d i n g  a c losed  form benchmark s o l u t i o n  which i s  a l s o  I 
c o n p u t a t i o n a l l y  e f f i c i e n t .  The s p a t i a l  f l u x  p r o f i l e s  (I$. f o r  i o n s  o f  charge 
composed o f  i ons  f r o r i  F l o u r i n e  t o  I r o n  i s  shown i n  t h e  accompanying f i gu re .  
The r a t h e r  d iscont inuous  behav io r  a t  h i g h  energy i s  a d i r e c t  r e f l e c t i o n  of t h e  
s i n g u l a r  source of t h e  i n c i d e n t  ions.  I n  con t ras t ,  t h e  much smoother 
v a r i a t i o n  a t  low energy w i t h  t h e  p ro ton  f i e l d  dominat ing  and t h e  heavy i o n s  
a lmost  t o t a l  l y  dep le ted  prov ides  a denonst r a t i o n  o f  t h e  changi ng na tu re  o f  t h e  
r a d i a t i o n  f i e l d .  Th is  s o l u t i o n  w i l l  prove u s e f u l  i n  assess ing t h e  numerical 
GCR a1 g o r i  t h m  c u r r e n t l y  under developrnent. 
/--- I n  o r d e r  t o  a n t i c i p a t e  f u t u r e  space s h i e l d i n g  requirements, NASA has 
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F o r  t h e  f i r s t  t ime, mathei l iat ical methods have been a p p l i e d  t o  t h e  I 
I 
I 
number j )  a t  h i g h  and low energ ies  r e s u l t i n g  f r o n  an i n c j d e n t  GCR beam I 
I 
I 
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F l u x  p r o f i l e s  f o r  GCR beam (composed of F - Fe ions)  ( a )  near source energy 
(b )  a t  low energy. 
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